Abstract. MicroRNAs (miRNAs) are a group of critical players in gastric cancer (GC). Among numerous cancerrelated miRNAs, the expression level and functional role of miR-345 in GC has not been investigated. This study showed that miR-345 expression was decreased in GC. Decreased expression level of miR-345 was associated with occurrence of lymph metastasis and advanced TNM stage of GC patients. Patients with low expression level of miR-345 had reduced overall survival (OS) and disease-free survival (DFS). In vitro experiments showed that miR-345 could inhibit the migration and invasion of GC cells. In vivo experiments showed that miR-345 knockdown could promote lung metastasis of GC cells in nude mice. miR-345 was found to prevent the metastasis by inhibiting epithelial-mesenchymal transition (EMT) of GC cells. Furthermore, FOXQ1 was confirmed to be the downstream target of miR-345 in GC cells. Forced expression of FOXQ1 could reverse the inhibitory effects of miR-345 on GC metastasis, while knockdown of FOXQ1 prevented the promoting effects of miR-345 knockdown on GC metastasis. In summary, this study demonstrates miR-345 is a promising biomarker and therapeutic target in GC.
Introduction
MicroRNAs (miRNAs), a group of noncoding RNAs with a length of approximately 14-22 nts, regulate genes expression by interacting with the 3'-UTR of mRNA of the targeted genes and preventing the translation or promoting the degradation of targeted mRNA (1) . miRNAs have been found to be involved in various cellular functions including differentiation, proliferation, apoptosis, and movements (2) . The versatile roles of miRNAs have been implicated in different kinds of human diseases including cancers (3) . miRNAs have been suggested as promising biomarkers and attractive therapeutic targets of human cancers (4) . Moreover, studies of miRNAs in gastric cancer (GC) showed that miRNAs were critical regulators in the development and progression process in GC (5, 6) . miRNAs were found to be active regulators for the growth and metastatic processes of GC (7) . However, the expression status and biological functions of specific miRNA in GC remain to be investigated. Investigating the function and underlying mechanisms of miRNAs in GC is of great significance to identify novel biomarkers and treatment targets in GC.
miR-345 has been investigated in several human cancers. In non-small cell lung cancer, miR-345 was found to be downregulated and was associated with the patient prognosis (8) . It was also found to induce the apoptosis of pancreatic cancer through both caspase-dependent and -independent pathways (9) . In prostate cancer, miR-345 was found to suppress proliferation, migration and invasion of cancer cells by targeting Smad1 (10) . However, miR-345 was found to be increased in locally advanced rectal cancer and was associated with unfavorable pathological response to preoperative chemoradiotherapy (11) . This indicated miR-345 had different functional roles in human cancers. The expression and biological roles of miR-345 in GC have not been investigated.
In this study, miR-345 was found to be decreased in GC tissues and cell lines. Decreased expression of miR-345 was associated with adverse clinical features and unfavorable prognosis of GC patients. Functionally, miR-345 inhibited the metastasis of GC cells both in vitro and in vivo. miR-345 was found to inhibit epithelial-mesenchymal transition (EMT) of GC cells. Furthermore, FOXQ1, which is a well-known oncogenic protein and promoter of GC cell metastassis (12, 13) , was confirmed to be the direct downstream target of miR-345 in GC. Inhibition of FOXQ1 expression was required for the inhibitory effects of miR-345 on the metastasis of GC cells.
Materials and methods
Cell culture and transfection. Gastric cancer cell lines including SGC-7901, AGS, MKN-45, MGC-803, and normal
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gastric epithelial cells GES-1 were obtained from the Cell Bank of Chinese Academy of Sciences (Shanghai, China) and American Type Culture Collection (ATCC, Rockville, MD, USA). Cells were maintained in DMEM medium (Gibco Co., Grand Island, NY, USA) with fetal bovine serum (10%) (Gibco Co.). All cell cultures were kept at 37˚C in a humidified incubator with 5% CO 2 . miR-345 mimic, miR-345 inhibitor, the control vector and negative control vector were obtained from Ruibo (Guangzhou, China). FOXQ1 vector and siRNA were purchased from GeneCopoeia (Guangzhou, China). The sequence of FOXQ1 siRNA was 5'-GCCCUGGCUCUCACAGCAA-3'. Cell transfections for GC cells were performed in 60-mm cell culture plates. The vectors including miR-345 mimic and inhibitor, and FOXQ1 vector and siRNA were transfected into GC cells with Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA). Generally, GC cells were 80-90% confluent before transfection. Lipofectamine reagent and the plasmids were diluted in Opti-MEM medium separately, and were mixed together at the ratio of 1:1. After incubating in room temperature for 5-10 min, the vector-lipid complex was added to GC cells. At 48-72 h after transfection, the transfected cells were collected for further assays. Table I .
Quantitative real-time reverse transcription-PCR (qRT-PCR).
RNeasy Mini kit (Qiagen) were used to extract the RNA from GC tissues and cells. Transcriptional First Strand cDNA Synthesis kit (Roche, Indianapolis, IN, USA) and SYBR Green PCR Master Mix (Applied Biosystems, Foster City, CA, USA) were used for reverse transcription reactions and real-time PCR. Primers for miR-345, U6, FOXQ1, E-caherin, N-cadherin, vimentin, Zeb2, Snail1, and GAPDH were from Genecopoeia. The primer sequences are as follows: GAPDH: forward: 5'-AGGGCTGCTTTTAACTGGT-3', reverse: Western blotting. Total protein lysates extracted from GC cells were subjected to BCA protein assay kit (Pierce, Rockford, IL, USA) for protein concentration. Total protein lysates (20-30 µg) extracted from samples were separated in 10% SDS-PAGE gels and were transferred to polyvinylidene fluoride membrane. The membrane was blocked with 5% milk/TBST (0.1% Tween), followed by incubating with following primary antibodies including FOXQ1 (1:1000, Cell Signaling Technology, Danvers, MA, USA), E-acdherin (1:1000, Cell Signaling Technology), N-cadherin (1:500, Cell Signaling Technology), FOXQ1 (1:500; Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA), SNAIL1 (1:1000, Cell Signaling Technology), ZEB2 (1:800, Cell Signaling Technology) and GAPDH (1:2000, Santa Cruz Biotechnology Inc.) were incubated with the membrane overnight at 4℃. After incubating with secondary antibodies (1:3000, Santa Cruz Biotechnology Inc.) for 1 h at room temperature, the protein signals were visualized using ECL reagents (Amersham Biosciences Corp., Piscataway, NJ, USA).
Transwell assays. The migration and invasion ability of GC cells were investigated by Transwell assays. For migration ability, Transwell chambers (Corning Inc., Corning, NY, USA) without matriel coating were used. For invasion assay, Transwell chambers coated with matrigel (Corning Inc.) were used. Generally, GC suspended in basal DMEM were seeded into the upper Table I . Clinical association analysis of miR-345 expression in gastric cancer. chamber and the lower chambers contained 600 µl DMEM with 20% FBS. After 24-48 h, GC cells migrated or invaded through the membranes and stayed on the lower surface were stained with crystal violet. Cell number for the migrated or invaded cells was counted under a microscope.
Luciferase assay. wild-type 3'-UTR sequence of FOXQ1 containing target site of miR-345 or the mutated 3'-UTR sequence of FOXQ1 was incorporated into the pGL3 control vector (Promega, Madison, wI, USA), to get the wild-type FOXQ1-3'UTR or mutant FOXQ1-3'UTR, respectively. GC cells were seeded into 24-well plates the day before transfection, and then cells were cotransfected with wild-type or mutant 3'-UTR of FOXQ1 along with miR-345 mimic or inhibitor. At 48 h after co-transfection, the luciferase activity for the wild-type or mutant FOXQ1 3'-UTR was measured by a single luciferase reporter assay (Promega).
In vivo metastasis assay. To evaluate the metastatic ability of GC cells in vivo, tail vein injection model was performed. GC cells transfected with negative control vector or miR-345 inhibitor were injected through tail vein into nude mice. The lungs of nude mice were subjected to hematoxylin and eosin (H&E) staining for lung metastasis of GC cells after 5 weeks.
All animal experiments were approved by the Animal Care Committee of Huaian First People's Hospital.
Statistical analysis. All data are presented as the mean ± standard error (SE) and were analyzed using the Graphpad. Student't test, Chi-square, Correlation analysis, and Kaplan-Meier analysis were performed in this study for statistical analysis. P<0.05 was considered to be statistically significant.
Results

miR-345 expression is decreased in GC.
To evaluate the expression level of miR-345 in GC, we collected RNA from the GC tissues and adjacent non-tumor tissues and performed qRT-PCR for the extracted RNA. qRT-PCR showed that compared with adjacent normal tissues, the expression level of miR-345 in GC tissues was decreased significantly (Fig. 1A, P<0 .05). Then, we divided the enrolled patients into two groups: patients with metastasis and those without metastasis. Compared with those without metastasis, patients with metastasis showed significantly decreased level of miR-345 (Fig. 1B, P<0 .05). Furthermore, the expression of miR-345 in GC cell lines and GES-1 cells. Compared with GES-1 cells, miR-345 in all four GC cell lines was significantly decreased (Fig. 1C, P<0 .05).
Decreased miR-345 expression level is correlated with poor clinicopathological features and prognosis of GC patients.
After confirming the decreased expression of miR-345 in GC, we evaluated the clinical significance of the decreased expression level of miR-345. Clinical association analysis (Table I) showed that decreased expression level of miR-345 was associated with the occurrence of lymphatic metastasis (P<0.001) and advanced TNM stage (P=0.002). Kaplan-Meier analysis further showed patients with relatively lower level of miR-345 had significantly decreased overall survival ( Fig. 2A, P=0 .034) and disease-free survival (Fig. 2B, P<0 .001).
miR-345 inhibits the migration and invasion of GC cells both in vitro and in vivo.
As suggested in Fig. 1C , miR-345 level was the lowest in SGC-7901 cells and the highest in MGC-803 cells. Therefore, we chose SGC-7901 cells for overexpression assay and MGC-803 cells for knockdown assay. As shown in Fig. 3A , overexpression of miR-345 significantly increased the level of miR-345 in SGC-7901 cells (Fig. 3A, P<0 .05). Functionally, miR-345 overexpression significantly inhibited the migration (Fig. 3B, P<0 .05) and invasion (Fig. 3C, P<0 .05) of SGC-7901 cells. On the contrary, miR-345 inhibitor significantly reduced miR-345 level in MGC-803 cells (Fig. 3D , P<0.05), and increased the migration (Fig. 3E, P<0 .05) and invasion (Fig. 3F, P<0 .05) of MGC-803 cells.
miR-345 knockdown potentiates the lung metastasis of GC cells in nude mice.
To further confirm the in vitro effects of miR-345 on the metastatic behavior of GC cells, we performed tail vein injection to evaluate whether miR-345 could inhibit the metatasis of GC cells in nude mice. As shown in Fig. 4A , knockdown of miR-345 in MGC-803 cells significantly increased the rate of lung metastasis in nude mice (P<0.05).
Further analysis of the lung of nude mice showed that miR-345 knockdown significantly increased the number of metastatic nodules in lungs of nude mice (Fig. 4B, P<0 .05).
miR-345 inhibits the epithelial-mesenchymal transition (EMT) of GC cells. EMT is a critical mechanism for the metastasis of cancer cells (14)
. we investigated whether miR-345 could inhibit the metastasis of GC cells by inhibiting EMT phenotype. As shown in Fig. 5A , overexpression of miR-345 significantly increased the expression of E-cadherin and decreased N-cadherin and vimentin expression (P<0.05, Fig. 5A ). Of note, the transcriptional regulators of EMT including Snail1 and Zeb2 was also found to be decreased after miR-345 overexpression (P<0.05, Fig. 5A ). On the other hand, miR-345 inhibition significantly reduced E-cadherin expression and increased N-cadherin and vimentin expression, and increased the expression of Snail1 and Zeb2 (P<0.05, Fig. 5B ).
FOXQ1 is the downstream target of miR-345 in GC cells.
The significant influence of miR-345 on the metastasis of GC cells prompted us to investigate the underlying mechanism for its functional influence. The data from Targetscan showed that FOXQ1 had complementary binding sites for miR-345 (Fig. 6A) . Then, we performed luciferase assay and found that overexpression of miR-345 significantly inhibited (Fig. 6B,  P<0 .05) while inhibition of miR-187 significantly increased (Fig. 6C, P<0 .05) the luciferase activity of wild-type 3'-UTR of FOXQ1. Altering miR-345 expression did not affect the luciferase activity of mutant 3'-UTR of FOXQ1 in GC cells (Fig. 6B and C) .
Furthermore, we performed qRT-PCR and western blotting to confirm that FOXQ1 was the downstream target of miR-345. We found that overexpression of miR-345 significantly decreased the mRNA level (Fig. 7A, P<0 .05) and protein (Fig. 7B, P<0 .05) level of FOXQ1. On the other hand, inhibition of miR-345 significantly increased the mRNA (Fig. 7C,  P<0 .05) and protein (Fig. 7D, P<0 .05) level of FOXQ1.
FOXQ1 mediates the biological functions of miR-187 in GC cells.
Since we confirmed FOXQ1 was the direct downstream target of miR-345 in GC cells, we examined whether targeting FOXQ1 was required for the inhibitory effects of miR-345 on GC cell metastasis and EMT. we overexpressed FOXQ1 in SGC-7901 cells transfected with miR-345 mimic, and FOXQ1 vector significantly increased the expression of FOXQ1 in SGC-7901 cells transfected with miR-345 mimic (Fig. 8A,  P<0 .05). Overexpressing FOXQ1 reversed the inhibitory effects of miR-345 overexpression on EMT as suggested by the increased expression of E-cadherin, and decreased expression of N-cadherin, vimentin, Zeb2 and Snail1 (Fig. 8A, P<0.05) . Functionally, overexpressing FOXQ1 in SGC-7901 cells transfected with miR-345 mimic reduced the inhibitory effects of miR-345 overexpression on the metastasis of GC cells, as suggested by increased migration (Fig. 8B, P<0 .05) and invasion (Fig. 8C, P<0 .05) of SGC-7901 cells transfected with miR-345 mimic. On the other hand, FOXQ1 siRNA significantly decreased the expression of FOXQ1 in MGC-803 cells with miR-345 inhibitor (Fig. 9A, P<0 .05). Inhibition of FOXQ1 prevented the promoting effects of miR-345 knockdown on the EMT phenotype (Fig. 9A, P<0 .05), migration (Fig. 9B, P<0 .05) and invasion (Fig. 9C, P<0 .01) of MGC-803 cells.
Discussion
Gastric cancer (GC) which is the second cause of cancerrelated mortality worldwide has a 5-year overall survival <30% (15, 16) . Occurrence of systemic metastasis is the most important reason for the poor prognosis of GC patients in advanced stage (17, 18) . Investigating the molecular mechanisms underlying the metastasis of GC will be critical for improving the prognosis of GC patients.
miRNAs have been confirmed as important regulators of cancer metastasis (19, 20) . Among numerous miRNAs, miR-187 has been confirmed as a critical regulator of human cancers including non-small cell lung cancer (8) , pancreatic cancer (9), prostate cancer (10) and rectal cancer (11) . In this study, we found that miR-345 expression was significantly decreased in GC tissues and cell lines. Decreased expression of miR-345 was associated with adverse clinicopathological features and poor prognosis of GC patients. Functionally, miR-345 was found to inhibit the metastasis of GC cells both in vitro and in vivo. Moreover, we further explored whether miR-345 inhibited the metastasis of GC cells through inhibiting EMT phenotype (as suggested by increased E-cadherin and decreased N-cadherin and vimentin). The data of western blotting (wB) showed that miR-345 could inhibit the epithelial-mesenchymal transition of GC cells.
FOXQ1 has been confirmed as an important player in cancer metastasis (21) . Study of gastric cancer showed that FOXQ1 promoted the metastasis and EMT of GC cells by upregulating Snail1 (22) . Increased FOXQ1 expression has been regarded as a prognostic indicator of GC patients (12) . In this study, our data from luciferase assay, qRT-PCR and wB solidly confirmed that FOXQ1 was the direct downstream target of miR-345 in GC cells. Importantly, rescue experiments and functional assays demonstrated that targeting FOXQ1 was required for the inhibitory effects of miR-345 on the metastasis and EMT of GC cells. These data indicated that miR-345 inhibited the metastasis and EMT of GC cells by targeting FOXQ1.
In summary, miR-345 was decreased in GC tissues and cells. Decreased level of miR-187 was associated with the lymphatic metastasis and advanced TNM stage and poor prognosis of GC patients. miR-345 was able to inhibit the metastasis of GC cells both in vitro and in vivo. miR-345 inhibited the EMT of GC cells. Furthermore, we confirmed that FOXQ1 was identified as the downstream target of miR-345 in GC cells, and was required for the functional influence of miR-345 on metastasis and EMT of GC cells. The above demonstrate miR-345 is an attractive biomarker and therapeutic target for GC patients.
